Product selectivities both at early stage and thermodynamic equilibrium for the titled reaction were studied over silica-alumina and H-mordenite catalysts. For isopropylation with propylene over silica-alumina catalyst, 2-, 2'-, and 4-positions were more readily alkylated than 3-position at early stage of the reaction. After attaining thermodynamic equilibrium, the fraction of 3-isopropyl-p-terphenyl in the isomer mixture increased to 58%. On the other hand, the fraction of 4-isopropyl-p-terphenyl was 78% over the H-mordenite catalyst, due to the shape selectivity of H-mordenite, whereas it was 35-50% over the silica-alumina catalyst.
Product selectivities both at early stage and thermodynamic equilibrium for the titled reaction were studied over silica-alumina and H-mordenite catalysts. For isopropylation with propylene over silica-alumina catalyst, 2-, 2'-, and 4-positions were more readily alkylated than 3-position at early stage of the reaction. After attaining thermodynamic equilibrium, the fraction of 3-isopropyl-p-terphenyl in the isomer mixture increased to 58%. On the other hand, the fraction of 4-isopropyl-p-terphenyl was 78% over the H-mordenite catalyst, due to the shape selectivity of H-mordenite, whereas it was 35-50% over the silica-alumina catalyst.
The fraction of 4,4"-diisopropyl-p-terphenyl in the diisopropyl isomers was also as high as 75% over the H-mordenite catalyst, compared with 10-20% over the silica-alumina catalyst.
1. Introduction p-Terphenyl (p-TP) is a by-product obtained in the production of biphenyl by thermal coupling of benzene.
Effective utilizations of this compound are essential in the biphenyl production industries. Alkylated mixtures of p-TP can be used as heat transfer agents, solvents, and dielectric oils1),2); 4-isopropyl-p-terphenyl (4-MIPTP) and 4,4"-diiso-
propyl-p-terphenyl (4,4"-DIPTP) are especially promising raw materials for heat-resistant polymers and liquid crystals.
However, only a limited number of reports on the alkylation of p-TP have appeared in the literature and patents3)-5).
The present study was undertaken to clarify selectivity in the isopropylation of p-TP over solid acid catalysts as well as the product composition in thermodynamic equilibrium. Also the optimum reaction conditions for selective isopropylation of p-TP were examined. Into a 300-ml autoclave equipped with a magnetic stirrer were introduced p-TP, n-pentadecane, as a solvent, and a catalyst.
A cylinder filled with propylene and placed on a scale to weigh the amount of propylene consumed, was connected to the autoclave which was heated to was introduced into the autoclave, and its pressure was maintained at 7kg/cm2 by introducing propylene. After defined propylene feed had been completed, the reaction mixture was stirred for a given period of time.
Transisopropylation was carried out with a mixture of 1,3,5-triisopropylbenzene (TIPB), p-TP, and the silica-alumina or the mordenite catalyst in the autoclave. Recording of the reaction times was started when the temperature had reached the set point.
Isomerization of p-TP in the presence of the catalyst was performed in n-pentadecane in the autoclave.
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Analysis
The We examined these results by molecular orbital density and the heat of formation are listed in Table  2 . On the basis of the Frontier Electron
Theory by Fukui9), it is reasonable to assume that a density is most likely to be alkylated. The fact that o-and p-positions were more readily alkylated than m-position at early stage was consistent with calculated by the MNDO method10) ( Table 2 ). The heats of formation calculated by the MMP2 method11) were 192.8, 191.8, 180.5, and 180.6kJ/mol for 2'-, 2-, 3-, and 4-MIPTP, respectively, indicating that thermodynamic stability is in 
MIPTP.
This order was also confirmed experimentally.
The behavior of DIPTP isomers was almost the same as that of MIPTP isomers. DIPTPs in Fig.  1 (excluding the 3,5-, 3,3"-, 3,4"-, and 4,4"-isomers) presumably carry at least one isopropyl group at o-position (2,2', or 2"-position), because they had shorter retention times than 3,5-, 3,3"-, 3,4"-, and versions. Similar phenomena were also observed in the isopropylation of naphthalene12) and biphenyl8). One of the major reasons for this difference is attributed to the presence of the of the isopropyl groups of TIPB.
The isomer compositions of MIPTP and DIPTP in transisopropylation by TIPB are shown in Fig.  3 . In the transisopropylation, the composition of 3-MIPTP increased with temperature, as observed in the isopropylation with propylene (Fig. 2) . We concluded that the transisopropylation reached there was no significant change in the isomer ratio of 3-MIPTP to 4-MIPTP was almost 6 to 4 at These observations were comparable with those in the case for monoisopropylbiphenyl at thermodynamic equilibrium.
In the latter case, the compositions of 2-, 3-, and 4-isopropylbiphenyl were 2, 65, and 33%, respectively8). In conclusion, in the presence of a common silica-alumina catalyst, the composition of 4-MIPTP to total MIPTP isomers and that of 4,4"-DIPTP to total DIPTP isomers were less than 50 and 25%, respectively, in both isopropylation and transisopropylation.
It was reported that p-TP itself is isomerized over AlCl313) and over a solid acid catalyst14). We also examined the isomerization of p-TP skeleton over the silica-alumina catalyst in n-pentadecane at Table 4 and Fig. 4 . An increase in the composition of p-TP and a decrease in that of DIPTP, both observed high alkylated p-TPs.
There was a substantial difference between the isomer compositions over the mordenite catalyst (Fig. 4) and the silica-alumina catalyst (Fig. 2) . For example, when the mordenite catalyst was were about 78 and 75%, respectively, while the corresponding compositions with the silica-alumina catalyst were 35-50 and 10-20%.
We consider that formations of 2'-, 2-, and 3-MIPTPs and DIPTPs excluding 4, 4"-DIPTP were suppressed over the mordenite catalyst, because these compounds are larger in molecular size than 4-MIPTP and 4,4"-DIPTP.
The minimum pore diameters for accommodating MIPTP molecules estimated by a molecular model (STS model, Maruzen Co., Ltd.) were 7.4, 7.4, 7.4, and 6.2A for 2'-, 2-, 3-, and 4-MIPTP, respectively. The diameters estimated by the same model were 6.2A for 4,4"-DIPTP, 8.6A for 3,5-DIPTP, and 7.4A for other DIPTP isomers.
The size of the cylindrical diameter15). According to Haag15), even a large molecule, whose diameter is crystallographically 1A greater than that of zeolite pore, can readily diffuse into the pore, especially at higher temperatures.
Furthermore, Csicsery reported that the effective channel aperture of H-mordenite was 8.2-8.6A16).
Therefore, all MIPTP and DIPTP isomers except 3,5-DIPTP can be formed inside the pores of mordenite.
Selective p-isopropylation of p-TP over the mordenite catalyst can be explained in terms of the rate of diffusion of each isomer, as in the case of a highly selective p-methylation of toluene over the ZSM-5 catalyst17). 4-MIPTP and 4,4"-DIPTP, upon their formations inside the pores, will rapidly diffuse outside, while 2-and 3-MIPTP and DIPTP isomers except 3,5-DIPTP will remain inside long enough so that they may be isomerized to 4-MIPTP and 4,4"-DIPTP. The formation of 3,5-DIPTP may be suppressed inside the pore of mordenite because of its larger molecular size. As Young et al.17) pointed out, the steric effect of zeolite might also accelerate the selective formation of p-isomers inside the pores at the initial stage of p-TP isopropylation.
Shape selectivity of mordenite was also confirmed in the isopropylation of biphenyl18 Tables 5 and 3, respectively. With 1,3,5-TIPB as a transalkylating agent, the conversion of p-TP was 77% over the silica-alumina catalyst and 11% over the mordenite catalyst. The low conversion for the latter catalyst can be explained based on the difficulty encountered by 1,3,5-TIPB diffusing into the mordenite pore, because the diameter of 1,3,5-TIPB (9.3A, estimated by STS molecular model) was greater than the effective channel aperture of H-mordenite
On the other hand, 1,3,5-TIPB gave a higher conversion (77%) than that of cumene (13%) when the reaction was carried out over the silica-alumina catalyst, whose pore is large enough to accommodate 1,3,5-TIPB. Thus, the conversion may depend only on the number of isopropyl groups per molecule of a transalkylating agent. When cumene was used as a transalkylating agent, p-TP was converted over the mordenite catalyst more markedly than over the silica-alumina catalyst, because cumene, whose diameter was 6.2A (estimated by STS molecular model), might diffuse into the mordenite pore, and the acidity of the mordenite catalyst was stronger than that of the silica-alumina catalyst as shown in Fig.  5 (The mordenite and silica-alumina catalysts used in this experiment had acid sites19) 1.70 and 0.30mmol/g, respectively.). As described above, the mordenite catalyst was more effective than the silica-alumina catalyst for the transisopropylation of p-TP with cumene, while this tendency was reversed for the isopropylation of p-TP with propylene, as mentioned in 3.2.1.
The reversal of the rates that depended on the catalysts used for these two reactions could be explained as follows: The transisopropylation requires sufficiently strong acid sites and also large amounts of acid for the catalysts.
The mordenite catalyst satisfactorily meets these 
